Studies of the effect of shift work have identified several negative health outcomes, most notably breast cancer. Disruption of circadian rhythm by exposure to light at night has been identified as the mechanism likely responsible for this outcome. This article recommends that health care institutions work with occupational health nurses to develop and implement hazard communication and policies concerning shift work, exposure to light at night, and increased risk for negative health outcomes, particularly breast cancer.
and 28% of support workers work alternative schedules (Bureau of Labor Statistics, 2005) .
Studies of the effect of shift work on health and functioning began to appear in the health care literature in the 1950s (Aanonsen, 1959; Thiis-Evensen, 1958) . Over the years, studies identified links between shift work and a variety of physiologic functions and health conditions (Keller, 2009) , including diseases of the cardiovascular system (Akerstedt, Knutsson, Alfredsson, & Theorell, 1984; Boggild & Knutsson, 1999; Knutsson, 1995; Mosendane & Raal, 2008) , gastrointestinal system (Pietroiusti et al., 2006; van Mark, Spallek, Groneberg, Kessel, & Weiler, 2010; Vener, Szabo, & Moore, 1989 ), and reproductive system in women (Armstrong, Nolin, & McDonald, 1989; Axelsson, Rylander, & Molin, 1989; McDonald et al., 1988) , fatigue (Owens, 2007) , and dysfunction of social and family life (Colligan & Rosa, 1990; Loudoun & Bohle, 1997) . Particular concern has been raised about the associations between shift work and various types of cancer, most notably breast cancer (Bullough, Rea, & Figueiro, 2006; Davis, Mirick, & Stevens, 2001; Feychting & Ahlborn, 2001; Hansen, 2001a Hansen, , 2001b Hansen, , 2006 Hrushesky & Blask, 2004; Kerenyi, 2002; Kolstad, 2008; Lie, Roessink, & Kjaerheim, 2006; Megdal, Kroenke, Laden, Pukkala, & Schernhammer, 2005; O'Leary et al., 2006; Patel, 2006; Porock & Gentry, 2002; Schernhammer et al., 2001; Spiegel & Sephton, 2002; Stevens, 2009; Stevens, Davis, Thomas, Anderson, & Wilson, 1992; Stevens & Rea, 2001; Swerdlow, 2003; Tarone, 2005; Travis, Allen, Fentiman, & Key, 2004) .
The World Health Organization's International Agency for Research on Cancer (IARC) rates environmental agents on the basis of their carcinogenic hazard to humans (IARC, 2009 ). The five possible ratings range from group I (the agent is carcinogenic to humans) to group 4 (the agent is probably not carcinogenic to humans). In between these extremes, the possibilities include group 2A (the agent is probably carcinogenic to humans), 2B (the agent is possibly carcinogenic to humans), and 3 (the agent is not classifiable as to its carcinogenicity to humans). In late 2007, the IARC rated shift work as a Group 2A threat. The announcement of this designation noted:
On the basis of "limited evidence in humans for the carcinogenicity of shift-work that involves nightwork", and "sufficient evidence in experimental animals for the carcinogenicity of light during the daily dark period (biological night)", the Working Group concluded that "shift-work that involves circadian disruption is probably carcinogenic to humans" (Group 2A). (Straif et al., 2(07) In 2009, Denmark paid compensation to 38 women who developed breast cancer after working the night shift for many years (Wise, 2009 ). This action, following the IARC designation, has obvious implications for employers in other countries. The purpose of this article is to guide health care administrators' response to this issue.
THE LINK AMONG CIRCADIAN RHYTHM, MELATONIN, LIGHT AT NIGHT, AND CANCER

Circadian Rhythm
Although humans around the world increasingly live in an environment described as "24/7," the human body was hard-wired with naturally built-in rhythms that follow a cycle approximately 24 hours in length (Rea, Bierman, Figueiro, & Bullough, 2008) . Known as circadian rhythm, this time-keeping mechanism, related to the cycle of light and dark resulting from the rotation of the earth (Panda, Hogenesch, & Kay, 2002) , influences waking and sleeping (Czeisler et al., 1986) , body temperature (Refinetti & Menaker, 1992) , and hormone secretion (Czeisler & Klerman, 1999) and is regulated by a set of extraordinarily complex biochemical and genetic components (Cermakian & Boivin, 2003; Dardente & Cermakian, 2007; Haus & Smolensky, 2006; James, Cermakian, & Boivin, 2007; Panda et al., 2002) . When circadian rhythms are in sync, individuals are awake, alert, and active during the day when it is light and relaxed and asleep at night when it is dark. When this pattern is changed repeatedly by regularly working non-standard shifts, circadian rhythms are disrupted, putting the body out of sync in terms of functioning and cognitive behavior as well as at the molecular and genetic levels (Erren, Pape, Reiter, & Piekarski, 2008) . This degree of disruption has been termed "chronodisruption" (Erren et al., 2008 (Erren et al., , 2009 Erren & Reiter, 2009 ).
Melatonin
Circadian rhythm is affected by the hormone melatonin, which is produced by the pineal gland (Cermakian & Boivin, 2003; Schernhammer et al., 2003) ; the pineal gland is regulated by the hypothalamic suprachiasmatic nucleus (Jasser, Blask, & Brainard, 2006) . Melatonin has been found to enhance the immune response (Guerrero & Reiter, 2002) ; both indirectly, through the enhancement of the immune response, and directly, melatonin has been found to inhibit tumor growth in animals (Tamarkin et al., 1981) and in human cancer cells (Cos, Fernandez, Guezmes, & Sanchez-Barcelo, 1998; Hill & Blask, 1988; Marelli, Limonta, Maggi, Motta, & Moretti, 2000; Rimier, Lupowitz, & Zisapel, 2002; Ying, Niles, & Crocker, 1993) . Production of melatonin varies throughout the 24-hour cycle, reaching its highest levels at night, generally between 2:00 a.m. and 4:00 a.m. (Brzezinski, 1997) . Exposure to light at night suppresses melatonin production (Feychting, Osterlund, & Ahlborn, 1998) . Decreased melatonin production may lead to an increase in estrogen production (Davis & Mirick,2006) .
Light
Light coming through the retina suppresses the production of melatonin, resulting in lower levels of the hormone during the daylight hours and higher levels at night (Tamarkin, Baird, & Almeida, 1985) . Researchers have found that light at night decreases melatonin levels in animals (Lewy et al., 1986; Lynch, Deng, & Wurtman, 1984; Reiter, 1985) and, in dose-response fashion, brighter light exerts a greater suppressor effect on melatonin levels in humans (Blask, 2009; Brainard et al., 1988; Lewy, Wehr, Goodwin, Newsome, & Markey, 1980; Mclntyre, Norman, Burrows, & Armstrong, 1989) . Light at night has been identified as a major chronodisruptor (Erren & Reiter, 2009 ). Non-standard work schedules, particularly shift and night work, disrupt circadian rhythms by exposing workers to light at night (Davis & Mirick, 2006; Davis et al., 200 I) .
Cancer
Breast cancer is the most common malignancy and the leading cause of cancer mortality in women worldwide (Althuis, Dozier, Anderson, Devesa, & Brinton, 2005; Parkin, 2001) . Variation in risk has been attributed to individual and population differences in: • Hereditary factors, specifically BRCA-I and BRCA-2 genes (Parkin & Fernandez, 2006) . • Social and cultural factors, including diet and alcohol consumption (Parkin & Fernandez, 2006) , and patterns and practices in childbearing and breastfeeding (Kelsey & Bernstein, 1996; Newcomb et al., 1994) . • Lifetime estrogen exposure, including age at men-arche, at first birth, and at menopause (Kelsey & Bernstein, 1996) . • Screening practices (Kelsey & Bernstein, 1996) .
MAKING THE CONNECTION: THEORY AND EVIDENCE
In the late 1970s, it was hypothesized that a decrease in melatonin could be associated with an increase in estrogen, which would stimulate breast tissue proliferation and increase the risk of breast cancer (Cohen, Lippman, & Chabner, 1978) . In the late 1980s, the "melatonin hypothesis" linked exposure to products of electric power, including light at night and electromagnetic fields, to a decrease in melatonin production (Stevens, 1987) .
In Vitro and Animal Studies
During the past 45 years, many studies have elucidated the connections among light at night, melatonin, and cancer. Blask, Dauchy, Sauer, Krause, and Brainard (2003) conducted a series of experiments in which they injected rats with human breast cancer cells. They found that exposing these animals to continuous light resulted in an increase in tumor growth. Next, these researchers collected blood from premenopausal women who were exposed to light at various phases of the melatonin production cycle. This blood was injected into rats that had received human cancer cells. When melatonin blood levels were high, tumor growth was suppressed; when melatonin blood levels were low, tumor growth was not suppressed (Blask et al., 2005) . Additionally, light at night was found to affect melatonin levels in a dose-dependent fashion (i.e., increased light intensity resulted in decreased levels of melatonin) (Blask et al., 2005) . This work is described as the first experimental evidence linking melatonin, circadian rhythm, and carcinogenesis (Blask et al., 2003 (Blask et al., , 2005 .
Human Studies
During the past several decades, many researchers have investigated the link between light at night or shift work and breast cancer (Bullough et al., 2006; Davis et al., 200 I; Feychting & Ahlborn, 200 I; Hansen, 200 1a, 200 Ib, 2006; Hrushesky & Blask, 2004; Kerenyi, 2002; Kolstad, 2008; Lie et al., 2006; Megdal et al., 2005; O'Leary et al., 2006; Patel, 2006; Porock & Gentry, 2002; Schernhammer et al., 2001; Spiegel & Sephton, 2002; Stevens, 2009; Stevens et al., 1992; Stevens & Rea, 2001; Swerdlow, 2003; Tarone, 2005; Travis et al., 2004) . Schernhammer, Kroenke, Laden, and Hankinson (2006) reported on a cohort of approximately 113,000 primarily premenopausal nurses from the Nurses' Health Study. They found that nurses who had worked rotating night shifts for 20 or more years were 79% more likely to develop breast cancer than those nurses who had not worked this type of schedule.
Although these results are compelling, other studies have yielded different results. O'Leary et al. (2006) found no increase in breast cancer risk for women who worked at night or on rotating shifts, although they did find an increased risk for breast cancer in women who reported turning on lights frequently at home during normal sleep hours.
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Several review articles and meta-analyses have summarized the evidence linking light at night and breast cancer (Erren et al., 2008; Kolstad, 2008; Megdal et al., 2005; Swerdlow, 2003) . Each of these summaries of the literature identified a significant increase in the risk of breast cancer for women who worked shifts at night.
The United Kingdom Health and Safety Executive is awaiting results in 20 II from two large cohort studies. In the meantime, the trade union federation in the Netherlands has encouraged women with a history of night shift work for 10 years or more and who have developed breast cancer to participate in a test legal case (Wise, 2009) .
HOW SHOULD HEALTH CARE INSTITUTIONS RESPOND?
In writing about the policy implications of risk concepts, Bradbury (1989) noted that "acceptance and acceptability of risk cannot be analytically determined but must be negotiated, that is, socially constructed .... The key questions to be addressed are how to compare critically the competing claims as to what constitutes risk and how to reach societal decisions concerning the control of risk and technology when a diversity of values exists" (p. 391). Klinke and Reno (2002) have suggested three types of risk management strategies be employed to deal with risks that range from simple to complex to uncertain to ambiguous. A risk-based approach that focuses on quantifying limits or thresholds is required to set priorities. This strategy is likely sufficient for problems that are either simple or complex. When the potential for significant harm exists in a setting of scientific uncertainty, however, some have advocated for precautionary intervention (Raffensperger & deFur, 1999) . Theoretically, uncertainty may be resolved with more information. An ambiguous problem, one where disagreement exists, requires participation, deliberation, and discursive procedures if progress is to be made. The analytic-deliberative process (Stern, Fineberg, & National Research Council [U. S.] Committee on Risk Characterization, 1996), a term coined by the National Research Council, "encompass(es) procedures that are constructed to provide a synthesis of scientific expertise and value orientations" (Klinke & Renn, 2002 , p. 1075 .
Shift work, light at night, and increased risk of cancer are elements that range from simple to ambiguous. Scientific questions remain to be answered. What institutions choose to do, however, is not a scientific question. Science can help but will not fully answer the questions posed because a variety of societal perspectives and competing demands must be considered.
OPTIONS AND RECOMMENDATIONS
Although light at night may be associated with an increased risk of negative health outcomes, particularly breast cancer, options for modifying this risk are limited. This article describes some options and recommends a series of actions health care institutions should take given current knowledge. As studies continue and knowledge evolves, the recommendations should be revisited and updated.
Invoke the "Precautionary Principle"
Institutions that require employees to work on rotating or non-standard shifts should provide workers with information on the potential health risks associated with working such shifts. In 2004, Pauley labeled exposure to light at night a public health issue and urged consideration of invoking the precautionary principle by informing and warning the public of the potential risks. The precautionary principle states, in part:
When an activity raises threats of harm to human health or the environment, precautionary measures should be taken even if some cause and effect relationships are not fully established scientifically. In this context, the proponent of an activity, rather than the public, should bear the burden of proof. (Raffensperger & deFur, 1999, p. 940) As research continues and new findings are released, information provided to workers should be updated.
Recommendation. Working with occupational health nurses, employees, and professional organizations specific to the institution, health care institutions should invoke the precautionary principle. It is further recommended that discussion with the above-mentioned parties be conducted in an open and transparent manner, and that all decisions made use a participatory process (Tickner, 2005) .
Mitigate Risk by Minimizing Exposure
Much of the research on the relationship between light at night and the risk of breast cancer demonstrated a dose-response gradient, with an increase in risk occurring after 20 to 30 years of working rotating shifts (Schemhammer et aI., 2001 (Schemhammer et aI., , 2006 . Thus, one way of mitigating risk would be to minimize exposure by decreasing the time employees work rotating or non-standard shifts.
In many hospitals, seniority determines who works rotating or non-standard shifts (Gold et al., 1992) . Achieving seniority, with increased control over one's work schedule, is often a benefit. Experimental work has shown that psychological stress is decreased and job satisfaction and commitment are increased when workers perceive autonomy over their work schedules (Pierce & Newstrom, 1983 ). However, control over one's schedule does not automatically translate into workers' choosing to work standard day shifts. Some staff prefer to work at night for a variety of reasons (Barton, 1994; Skipper, Jung, & Coffey, 1990) .
Recommendation. The author recommends that staff who work rotating or non-standard shifts for long periods of time, either voluntarily or involuntarily, be informed of the dose-response gradient evidence linking an increased risk of breast cancer with years of shift work. If long-term staff desire to move to standard day shifts, every attempt should be made to do so while maintaining an appropriate balance of new and experienced staff on each shift. All staff, especially those who prefer to remain working rotating or non-standard shifts, should receive the most current information on ways to minimize circadian disruption.
Mitigate Risk by Scheduling That Minimizes Circadian Disruption
Two methods of assigning rotating shifts have been studied. A forward rotation schedule, in which assignments proceed in a clockwise fashion from day to evening to night, is also known as phase delay. A backward rotation schedule, in which assignments proceed in a counterclockwise fashion from night to evening to day, is known as phase advance (Knauth, 1993) . Forward rotation schedules provide more time off during a rotation schedule but less time off at the end. Forward rotation schedules improve workers' alertness, performance, and health compared to backward rotation schedules (Barton & Folkard, 1993; Czeisler, Moore-Ede, & Coleman, 1982; Orth-Gomer, 1983) . In addition to direction, shifts may move slowly or rapidly (Monk, 2000) .
Although circadian adaptation occurs more quickly with forward rotation schedules (phase delays) than with backward rotation schedules (phase advances) (Aschoff, Hoffmann, Pohl, & Wever, 1975) , little experimental evidence of the superiority of one schedule over the other exists and significant conflicting advice is documented (Knauth, 1998) . Similarly, theories, but little evidence, have recommended either a rapid or a slow rotation.
Recommendation. Currently, too little consistent evidence exists to justify a specific recommendation about mitigating risk by scheduling that minimizes circadian disruption.
Mitigate Risk by Promoting Circadian Entrainment
An area of promising research concerns shifting circadian rhythm or entraining. This synchronization occurs in response to Zeitgebers, or time cues (Sharma & Chandrashekaran, 2005) . Zeitgebers can be internal metabolic processes, such as melatonin production, or external processes, such as exposure to light (Sharma & Chandrashekaran, 2005) . If successful, entraining realigns individuals' circadian rhythms with their permanent or rotating nighttime work/daytime sleep schedule (Burgess, Sharkey, & Eastman, 2002) . A variety of experiments have examined the timing and use of bright light (Boivin & James, 2002; Crowley, Lee, Tseng, Fogg, & Eastman, 2003; Czeisler et aI., 1990) to promote circadian synchronization. Although such realignments have been shown to be successful in simulations (Czeisler et aI., 1990; Eastman, 1992; Eastman, Liu, & Fogg, 1995) and in tightly controlled environments, such as NASA (Whitson, Putcha, Chen, & Baker, 1995) , achieving these results in real world environments is more difficult (Budnick, Lerman, & Nicolich, 1995) .
Additional potential Zeitgebers have been identified. Animal studies have focused on food (Schibler, Ripperger, & Brown, 2003; Stephan, 2002) and physical activity (Holmes, Galea, Mistlberger, & Kempermann, 2004; Mistlberger, 1991) . Some small studies examining the effect of physical activity on circadian adaptation in humans have found a positive effect (Baehr et al., 2003; Barger, Wright, Hughes, & Czeisler, 2004) . A few studies examining the effect of exogenous melatonin administration in humans have had mixed results (Dawson, Encel, & Lushington, 1995; Sack & Lewy, 1997; Samel et aI., 1991) .
Recommendation. Although work on circadian entrainment is promising, it is unlikely that definitive findings can be applied in the near future. In the meantime, providing employees with information about current scientific evidence is recommended. For example, Santhi and colleagues experimented with sleep scheduling for night workers and found that delaying sleep until early afternoon, such that one returned to work a short time after waking, proved beneficial in terms of alertness and performance (Santhi, Aeschbach, Horowitz, & Czeisler, 2008; Santhi, Duffy, Horowitz, & Czeisler, 2005) . However, the researchers noted that such scheduling alone was insufficient for complete adaptation. Efinger, Nelson, and Starr (1995) suggested a more radical step, that of offering a 12-hour shift that begins at 3:00 p.m. and ends at 3:00 a.m. Such a schedule would allow employees to return home while it is still dark, without being exposed to bright outdoor light that could induce a circadian shift (Czeisler et al., 1986) .
Mitigate Risk by Matching Schedules With
Pro~nsnmsand~~~n~s
As noted earlier, when individuals are in sync with their circadian rhythms, they are awake, alert, and active during the day when it is light and are relaxed and asleep at night when it is dark. The timing, duration, and quality of sleep vary with the phase of circadian rhythm in which sleep occurs (Czeisler, Weitzman, Moore-Ede, Zimmerman, & Knauer, 1980; Czeisler, Zimmerman, Ronda, Moore-Ede, & Weitzman, 1980; Strogatz, Kronauer, & Czeisler, 1986) . In general, as individuals age, they are less able to tolerate shift work (Barton, 1994) . However, individual variation to tolerating shift work has been noted. The Home-Ostberg Morningness-Eveningness Questionnaire (Home & Ostberg, 1976 ) was designed to assess individuals' preferences for engaging in various activities at various times during the day and then classify individuals as morning or evening individuals, or neither. Employees who self-identify as morning individuals have been found to have earlier temperature phases (Duffy, Dijk, Hall, & Czeisler, 1999; Foret, Touron, Benoit, & Bouard, 1985; Kerkhof & Lance\, 1991) and sleep cycles (Kerkhof, 1991; Mecacci & Zani, 1983) than individuals of other types. The timing of temperature phase and sleep cycle is associated with extroversion and morningness-eveningness (Newbauer, 1992; Wilson, 1990) . Thus, assessing whether an individual is a morning person, an evening person, or neither could potentially match propensities and schedules. However, given the relatively normal distribution of morning, neither, and evening types (Baehr, Revelle, & Eastman, 2000) with most individuals in the "neither" category, this option is unlikely to yield useful information.
Recommendation. In addressing practical issues related to chronodisruption (CD) and cancer, Erren et al. (2008, p. 380) It is recommended that employers question employees about their ability to cope with shift work. Initially, this information should be treated as a descriptive variable that may be used in analyses of sick time and scheduling requests. Pauley (2004) suggested that although more study is needed, changes in lighting to be more "biologically friendly" should be instituted. Several studies have indicated that bright light at work increases alertness and phase shifting (Czeisler, Chiasera, & Duffy, 1991; Martin & Eastman, 1998) . Studies assessing the degree to which various types and intensities of light suppress melatonin production in humans have found that red light (-100 lux) produces the least suppression and blue light the most, with incandescent light, fluorescent light, and pure white LED light in between the two extremes (Brainard, Richardson, Petterborg, & Reiter, 1982; Pauley, 2004) .
Mitigate Risk Through Environmental Lighting
Recommendation. For all that has been learned about the effect of light on human conditions, much remains to be uncovered. At a recent workshop convened by the National Institute of Environmental Health Sciences (Stevens et aI., 2007) , scientists addressed the need for specific research focused on understanding the mechanisms, disruptions, and disease effects of environmental light. In the absence of such definitive research, no specific recommendations regarding environmental lighting are made at this time.
CONCLUSIONS
Although much is known about the links among shift work, light at night, and the risk of cancer, much remains to be learned. Although the science will continue to evolve over time, responsible health care institutions must act now. Whatever knowledge is uncovered, it is likely that questions and controversies will remain. How an institution chooses to act is virtually as important as what it chooses to do. Acting proactively-rather than waiting for legal test cases such as have been encouraged in the Netherlands (Wise, 2009 )-is key to an open, transparent, and inclusive process (Stern et al., 1996) . This process will be crucial as institutions consider their response to the economic, ethical, organizational, political, and scientific issues surrounding workers at risk (Bayer, 1986; Schulte & Ringen, 1984) .
When Times are Tough, Turn to Those You Trust
Downsizing, layoffs, budget cuts, pay cuts, closings, The news can be pretty grim, During times like these it's important to know who you can trust for reliable information and services, If you're looking for a new position, either nearby or across the country, or just want to explore your options, visit the AAOHN Employment Information Service (EIS) online at www.aaohn.org.
You'll have access to one of the most comprehensive job resources for occupational health nurses from the profession's leading organization .
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